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Heat  is  transferred  by  conduction,  convection, 
and  radiation.  When  you  burn  your  hand  on  a 
hot  pan  handle,  that  is  conduction.  When  you 
feel  hot  air  coming  from  an  open  oven  door,  that 
is  convection.  When  you  feel  the  heat  of  the  sun 
even  though  the  air  is  cool,  that  is  radiation. 

Heat  escapes  from  a  house  whenever  it  is  colder 
outside  than  inside.  Most  houses  in  the  United 
States  need  added  heat  at  times.  But  there  are 
ways  to  reduce  heat  requirements. 

When  building  a  new  house,  consider  the  possi- 
bilities of  solar  orientation — facing  the  main 
rooms  and  the  large  windows  in  the  main  rooms 
to  the  south  to  take  advantage  of  the  winter  sun 
that  strikes  the  earth  at  a  low  angle  (fig.  1) .  The 
summer  sun,  which  is  higher  in  the  sky,  can  be 


kept  out  by  long  overhangs,  by  use  of  trellises  and 
vines,  and  by  properly  located  trees.  In  cold 
climates,  large  glass  areas  should  be  double  or 
even  triple  glazed  to  offset  heat  loss  through  the 
glass.  Exposures  of  glass  on  the  east  and  west 
walls  do  not  receive  much  radiation  in  the  winter, 
but  they  let  in  a  lot  of  sun  in  the  summer  and 
should  be  protected  by  either  natural  or  artificial 
shades. 

With  a  slow-acting  heating  system,  solar  orien- 
tation may  result  in  periods  of  overheating  and 
underheating.  If  the  thermostat  of  an  automati- 
cally controlled  heating  plant  is  in  one  of  the 
rooms  receiving  solar  radiation,  the  rest  of  the 
house  may  be  too  cold.  If  the  thermostat  is  placed 
elsewhere,  the  solar-heated  rooms  may  be  too  hot; 
and  no  fuel  will  be  saved  unless  radiators  are 
turned  off  or  warm-air  ducts  are  closed  during  the 
solar-heating  period. 


POSITION  OF  SUN  AT  NOON  FOR  LATITUDE  40°  NORTH 


WINTER  '  /^  SUMMER 


Figure  1. — Solar  orientation. 
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Heat  requirements  are  also  reduced  by  tight 
construction,  storm  sash,  weather  stripping,  and 
insula!  ion.  It  is  good  economy  to  repair  and  insu- 
late an  old  house  before  installing  a  new  heating 
system.  Shiny  aluminum  and  white  roofs  reflect 
heat  from  the  sun.  They  act  as  reflective  insula- 
tion and  keep  the  house  cooler  in  summer. 

The  chimney  is  a  part  of  the  heating  plant,  and 
its  size  and  height  are  important  to  efficient  func- 
tioning of  the  system.  Therefore,  the  size  of  the 
flue  should  be  determined  by  the  chimney  height, 
by  the  altitude,  and  by  the  combustion  rate  of  the 
equipment  to  be  installed. 

Chimney  height  is  governed  mainly  by  the 
height  of  the  house.    The  chimney  should  extend 


above  the  ridge  but  need  not  be  more  than  2  f 
higher.     Flues  must  be  kept  clean  and  free  from 
leaks.     The  flue  for  the  furnace  or  boiler  .-hould 
have  no  other  openings  he  low  the  Top. 

There  is  no  simple  rule  for  estimating  heat  re- 
quirements, but  experienced  local  dealers  and  con- 
tractors usually  have  information  that  will  help 
you  decide  what  size  and  type  of  heating  equip- 
ment you  need. 

For  safety  and  efficiency,  have  a  competent,  ex- 
perienced heating  contractor  install  your  central- 
heating  system  and  inspect  it  once  a  year.  A  less 
costly  heating  system  correctly  installed  will  be 
more  satisfactory  than  an  expensive  one  that  is 
not  the  right  size  for  the  house  or  that  is  not 
properly  installed. 
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The  fireplace  and  the  space  heater  or  stove  are 
two  of  the  simplest  heating  devices.  Fireplaces 
are  enjoyable,  but  they  are  not  efficient  sources  of 
heat.  They  may  be  used  to  supplement  other  heat- 
ing equipment  and  to  take  the  chill  off  the  house 
when  it  is  not  cold  enough  to  start  the  furnace. 
Modified  fireplaces  now  available  are  more  efficient 
because  warm  air  is  discharged  from  air  ducts 
surrounding  the  fireplace  (fig.  2) . 

Stoves  are  more  effective  room-heating  devices 
than  are  fireplaces.  They  radiate  heat  from  all 
sides  and  from  the  top,  and  less  heat  goes  up  the 
chimney.  Although  less  expensive  than  central- 
heating  systems,  they  are  dirtier,  they  require  more 
attention,  and  they  heat  less  uniformly.  Several 
stoves  may  be  used,  but  with  more  than  one  stove 
you  may  need  more  than  one  chimney. 

Wood-  or  coal-burning  stoves  without  jackets 
heat  principally  by  radiation.  -Jacketed  stoves  or 
circulator  heaters  (fig.  3)  heat  mainly  by  convec- 
tion and  are  available  for  burning  the  tour  com- 
mon fuels — wood,  coal,  oil,  and  gas. 

In  a  circulator  heater,  air  circulates  between  the 
Stove  and  the  jacket,  which  has  openings  at  top 
and  bottom.  With  proper  arrangement  <>f  rooms 
and  doors,  a  circulator  heater  may  heat    four  or 
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Figure  3. — Circulator  heater. 


five  small  rooms.  A  small  fan  to  aid  natural  cir- 
culation currents  increases  efficiency.  The  dis- 
tance from  the  heater  to  the  center  of  each  room  to 
be  heated,  measured  through  the  door  opening, 
should  be  not  more  than  18  feet.  The  heated  air 
should  reach  each  room  through  only  one  door. 
Unless  doors  are  left  open,  they  must  have  grilles 
or  louvres  at  top  and  bottom  for  air  circulation. 

A  popular  type  of  heater  for  a  one-story  house 
without  a  basement  is  the  oil-  or  gas-burning 
floor  furnace  (fig.  4).  This  unit  requires  only  a 
dry  pit,  a  suitable  framed  floor  opening,  and  a 
vent  or  chimney  connection.  The  pit  should  be 
large  enough  to  allow  at  least  1-foot  clearance 
at  the  sides  and  below  the  furnace.  One  floor 
furnace  will  heat  four  or  five  rooms. 

A  pipeless  furnace  (fig.  5),  which  has  one 
register  placed  directly  over  the  furnace,  can  be 
used  in  a  house  with  a  basement.  Pipeless  fur- 
naces are  available  for  burning  the  four  common 
fuels. 

Circulator  heaters,  floor  furnaces,  and  pipeless 
furnaces  heat  the  house  without  pipes  or  ducts  to 
carry  warm  air  to  each  room.  Size  and  arrange- 
ment of  rooms  and  placing  of  doors  are,  therefore, 
important  for  satisfactory,  uniform  heating. 
The  suggested  floor  plan  shown  in  figure  6  is  de- 
signed for  efficient  use  of  this  type  of  heating 
equipment. 


CONCRETE  SHELL'-: 


Figure  4. — Floor  furnace. 


Figure  5. — Pipeless  furnace. 
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Figure  6. — Good  floor  plan  for  ductless  heating. 

A  furnace  is  made  of  cast  iron  (fig.  7)  or  steel 
(fig.  8)  and  consists  of  a  base,  fire  pot  (combus- 
tion chamber)  or  hearth,  combustion  dome,  and 
radiator.  When  solid  fuels  fired  by  hand  are 
used,  an  ash  pit  and  grate  (fig.  7)  must  be  in- 
cluded. These  parts  are  surrounded  by  a  galva- 
nized-iron  or  enameled  jacket  on  top  of  winch  is 
the  bonnet.  Air  passes  through  the  space  between 
the  fire-pot  wall  and  the  outer  shell,  or  jacket,  and 
is  heated  as  it  moves  over  the  hot  fire-pot  walls. 
The  fire  pot  must  be  tight  to  prevent  smoke  and 
gases  from  escaping.  Furnaces  should  be  in- 
spected yearly,  and  any  cracks  or  holes  in  the  heat 
exchanger  should  be  cemented  with  furnace  ce- 
ment. Air  for  fuel  combustion  may  move  through 
the  furnace  by  the  chimney  draft,  or  it  can  be 
forced  through  by  use  of  a  fan. 

Whether  you  are  buying  a  circulator  heater  or  a 
furnace  or  boiler  for  a  central-heating  system,  it  is 
always  l>est  to  buy  equipment  designed  specifically 
for  the  fuel  to  be  used.  Coal  or  wood  burners  can 
be  converted  to  oil  or  gas  but  usually  do  not  have 
sufficient  heating  surf  ace  for  best  efficiency.  Be- 
cause of  the  larger  fire  pot  required  for  coal  or 
wood,  conversion  of  oil-  or  gas-burning  equipment 
to  solid  fuels  is  not  satisfactory,  [f  you  are  going 
to  burn  oil  but  think  you  may  want  to  convert  to 
solid  fuel  later,  it  is  wise  to  buy  a  coal-burning 
unit  to  start  with.  In  this  case,  a  unit  with  large 
heat  Lng surface  should  l>o  selected. 
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Figure  7. — Cast-iron  furnace  with  blower. 
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Figvre  S. — Steel  fun. 

Gravity  Warm-Air  Central-Heating 
Systems 

A  gravity  warm-air  system  consists  of  a  furnace 
with  ducts  that  carry  the  warm  air  that  is  dis- 
charged into  the  rooms  through  registers.  An- 
other series  of  grilles  and  ducts  carries  cooled  air 
hack  to  the  furnace.  The  furnace  of  a  gravity 
warm-air  system  must   Iv  located  below  the  low- 


est  room  to  be  heated  because  the  circulation  of  air 
depends  on  the  difference  in  weight  between  warm 
and  cool  air. 

Registers  for  the  gravity  warm-air  system  are 
placed  in  or  near  the  baseboard.  Floor  registers 
are  not  ordinarily  recommended  in  new  construc- 
tion but  are  often  used  when  installing  new  fur- 
naces in  existing  houses. 

Gravity  warm-air  systems  rely  on  natural  con- 
vection for  air  movement.  Consequently,  they 
require  large,  space-consuming,  and  costly  ducts. 
The  system  of  duct  and  grille  work  for  the 
gravity  warm-air  systems  must  be  planned  with 
extreme  care  for  uniform  heating.  For  these 
reasons,  this  system  is  seldom  used  in  new  con- 
struction. 


Forced  Warm- Air  Central-Heating 
Systems 

Warm-air  systems  with  forced  circulation  (fig. 
9)  have  certain  advantages  over  gravity  warm-air 
systems.  The  furnace  does  not  have  to  be  below 
the  rooms  to  be  heated  nor  centrally  located,  be- 
cause circulation  of  air  is  controlled  by  a  fan  or 
blower  (fig.  7).  The  greater  air  pressure  means 
that  an  air  filter  can  be  used  and  that  ducts  may 
be  longer  and  narrower,  may  run  horizontally,  and 
need  not  all  be  the  same  length.  Return-air  grilles 
can  be  placed  in  the  baseboards. 

Registers  can  be  placed  near  the  ceiling,  low  in 
the  wall,  or  in  the  baseboard.  They  should  be 
placed  so  that  air  will  not  blow  directly  on  people 
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Figure  9. — Forced  warm-air  system.  If  basement  is  heated,  additional  ducts  should  deliver  hot  air  near  the  basement 
floor  along  outside  wall.  In  cold  climates,  a  separate  system  (as  shown  in  fig.  10)  gives  more  desirable  basement 
heating. 


in  the  room.  When  registers  are  near  the  ceiling, 
the  vanes  should  deflect  the  warm  air  slightly 
downward  and  sideways. 

Houses  with  slah  floors  laid  on  the  ground  oil  en 
have  warm-air  ducts  cast  in  the  concrete  beside  the 


outer  walls.  These  dud  arm  the  floor,  and  re- 
gisters are  set  in  the  floor  above  the  ducts.  The 
foundation  should  have  at  leasl  an  inch  of  water- 
proof insulation  to  avoid  excessive  loss  of  heat 
(fig.  10). 


Figtibe  10. — A  perimeter-loop  heating  system  commonly  used  for  slab-on-grade  construction. 


HOT  WATER  AND  STEAM 
CENTRAL-HEATING  SYSTEMS 

Hot-water  and  steam  systems  require  use  of  a 
boiler  instead  of  a  furnace.  Boilers  are  made  of 
cast  iron  (fig.  11)  or  steel  (fig.  12)  and  are  de- 
signed for  burning  different  fuels.  The  boilers 
shown  in  these  figures  do  not  show  all  the  dampers 
needed  on  a  boiler  equipped  for  burning  any 
specific  fuel. 

The  most  efficient  boilers  have  long  flues  or 
baffles  that  will  hold  the  gases  until  most  of  them 
are  burned  and  the  maximum  amount  of  heat  is 
transferred  to  the  water.  Some  boilers  have  a 
fire  travel  of  nearly  three  times  the  length  of  the 
boiler. 

Cast-iron  boilers  are  heavier  than  steel  boilers, 
but  they  are  more  resistant  to  corrosion.  The 
water  quality  is  likely  to  a  fleet  the  two  materials 
differently.     Investigate  the  experience  of  other 


people  in  the  neighborhood  who  use  the  same 
water.  Corrosive  water  can  be  correct ed  1  >y  chem- 
icals that  are  furnished  with  many  steel  boilers 
as  standard  equipment.  By  proper  water  treat- 
ment, the  life  of  steel-boiler  tubes  can  be  greatly 
prolonged.  Replacing  the  tubes  is  easier  if  they 
are  rolled  in  rather  than  welded. 

When  you  buy  a  boiler,  look  for  the  rating 
stamp.  Cast-iron  boilers  are  stamped  I=R=B 
(Institute  of  Boiler  and  Radiator  Manufac- 
turers) and  steel  boilers  SB1  (Steel  Boiler  Insti- 
tute). Choose  a  boiler  with  a  net  rating  suitable 
for  t  he  heat  ing  job  it  niu-t  do. 

You  can  now  buy  a  boiler  in  a  package  unit 
complete  with  controls,  tiring  equipment,  and 
accessories.  For  small  houses,  such  a  unit  may 
also  include  radiators,  piping,  and  valves.  An 
experienced  heating  man  should  install  the 
system. 
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Figure  11. — Cast-iron  boiler. 


Figure  12.— Steel  boiler, 
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Radiators  or  convectors  distribute  the  heat  from 
hot  water  and  steam  and  are  connected  to  the 
system  in  the  same  way.  Statements  relating  to 
radiator  pipes  and  valves  apply  also  to  convectors. 

Radiators  may  be  located  on  the  floor,  pref- 
erably under  a  window  (fig.  13),  mounted  on  the 
wall,  or  installed  along  the  baseboard.  If  tbe 
radiator  is  recessed  or  placed  along  the  baseboard, 
it  is  important  to  put  insulation  behind  it.  Use  1 
inch  of  rigid  insulation  or  a  sheet  of  reflective 
insulation,  or  both.  A  shield  over  the  top  will 
divert  air  currents  away  from  the  wall  and  help 
prevent  dirt  streaks. 

A  cabinet  may  be  put  around  the  radiator,  but 
it  should  have  openings  at  bottom  and  top  for  air 
circulation  and  should  be  easy  to  remove  for 
cleaning.  Painting  radiators  with  metallic 
paints,  such  as  aluminum  or  bronze,  makes  them 
less  effective. 

Convectors  usually  consist  of  finned  tubes 
through  which  the  hot  water  or  steam  circulates. 
They  are  either  recessed  (fig.  14)  or  boxed  with 
openings  at  the  bottom  and  top  of  the  enclosure. 
The  coils  of  finned  tubes  warm  the  air  that  comes 
in  at  the  bottom  and  goes  out  at  the  top.  The 
heating  surfaces  are  not  exposed  to  the  room. 


The  baseboard  radiator  (fig.  15)  is  a  hollow  or 
finned  unit  designed  to  look  like  a  baseboard. 
which  it  replaces  along  outside  walls.  Tests 
show  that  it  heats  a  room  uniformly,  with  little 
temperature  difference  between  floor  and  ceiling. 

Gravity  Hot-Water  Systems 

Hot-water  systems,  like  warm-air  systems,  may 
be  either  gravity  or  forced  circulation.  Water 
heated  in  the  boiler  becomes  lighter  and  rises  as 
the  heavier,  colder  water  of  the  heating  system 
moves  in  to  lift  it.  As  this  process  continues  in 
the  boiler,  hot  water  circulates  through  the  pipes 
and  radiators. 

Fresh  water  from  the  water  system  is  fed  into 
the  heating  system  as  needed  through  a  valve. 
Enough  pressure  is  maintained  so  that  the  highest 
radiator  is  filled  with  water. 

The  gravity  hoi -water  system  (fig.  16)  usually 
has  two  main  pipes,  one  to  supply  hot  water  from 
the  boiler  to  the  radiators,  and  one  to  return  cool 
water.  A  riser  from  the  hot-water  main  is  con- 
nected to  one  end  of  each  radiator  and  a  riser 
from  the  return  main  to  the  other  end.  In  the 
gravity  system,  the  boiler  must  be  located  below 
the  lowest  radiator. 


Figure  13. — Radiator. 


l'u.i  be  il.  -  Convector. 
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Any  air  in  the  hot-water  system  will  rise  to  the 
highest  parts  of  the  system  and  will  collect  in 
the  tops  of  the  radiators  and  prevent  the  tops  from 
getting  hot.  Circulation  may  be  cut  off  entirely 
in  the  gravity  system  if  there  is  a  high  point  where 
air  can  collect.  Install  pipes  with  some  slope  and 
let  air  out  of  the  radiators  occasionally  by  opening 
the  air- vent  valves. 

Because  water  expands  when  it  is  warmed,  an 
expansion  tank  must  be  provided.  Sometimes  the 
tank  is  located  above  the  highest  point  in  the 
system  and  has  an  overflow  pipe  extending 
through  the  roof.  In  this  open  system,  the  tank 
and  overflow  pipe  must  be  protected  from  freezing. 

A  closed  system  has  a  closed  expansion  tank 
placed  anywhere  in  the  system,  usually  near  the 


boiler.  About  half  of  the  closed  tank  is  filled  with 
air,  which  compresses  when  the  heated  water  of  the 
system  expands.  Higher  water  pressure  can  be 
used  in  the  closed  system  than  in  the  open  system ; 
this  raises  the  boiling  point  of  the  water.  Smaller 
radiators  can  be  used  because  higher  temperatures 
can  be  maintained  without  steam  in  the  radiators. 
There  is  almost  no  difference  in  fuel  requirements. 
In  the  closed  system,  a  pressure-reducing  valve 
installed  in  the  water-supply  line  between  the  hand 
valve  and  the  boiler  maintains  correct  pressure  in 
the  system;  and  a  pressure-relief  valve  (fig.  16) 
eliminates  the  danger  of  pressure  increase.  If  the 
pressure-relief  valve  discharges  water  each  time 
the  boiler  starts  to  heat,  the  expansion  tank  is 
probably  completely  filled  with  water  and  has  no 


Figure  15. — Baseboard  radiator. 
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space  for  air.  To  remove  the  water  from  the  ex- 
pansion tank  without  draining  the  entire  system, 
close  the  water-supply  hand  valve,  open  the  drain 
cock  at  the  bottom  of  the  boiler,  and  remove  the 
plug  at  the  end  of  the  expansion  tank.  As  soon 
as  the  tank  is  empty,  replace  the  plug,  close  the 
drain  cock,  and  open  the  water-supply  hand  valve. 
The  pressure-reducing  valve  lets  in  the  right 
amount  of  water.  Then  let  air  out  of  the  radia- 
tors. 

Forced  Hot-Water  Systems 

In  a  one-pipe  or  two-pipe  forced-circulation, 
hot-water  system,  a  small  circulating  or  booster 
pump  (fig.  16)  aids  the  movement  of  the  water, 


so  that  response  to  temperature  changes  in  the 
house  is  faster.  In  the  one-pipe  system,  the  water 
main  that  serves  for  both  supply  and  return  makes 
a  complete  circuit  from  the  boiler  and  bark  again. 
Two  risers  extend  from  the  main  to  each  rad 
Water  is  diverted  through  the  radiator  by  means 
of  a  scoop  fitting  (diversion  tee)  or  other  device 

A  two-pipe  system  has  a  main  supply  pipe  with 
one  riser  to  each  radiator  and  a  main  return  with 
one  return  riser  to  each  radiator. 

The  one-pipe  system  takes  less  pipe  than  does 
the  two-pipe  system,  but  it  has  a  disadvantage. 
Some  of  the  water  that  has  passed  through  one 
radiator  and  cooled  down  is  mixed  with  the  water 
flowing  through  the  main,  and  each  succeeding 
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FiiiURE  16. — Hot-water  system. 
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radiator  receives  cooler  water.  Care  must  be  used 
in  choosing  radiators  of  the  correct  size ;  because, 
as  the  heating  water  cools,  larger  radiator  surfaces 
are  required  for  equal  heating. 

The  pump,  motor,  and  controls  of  a  forced- 
circulation  system  make  it  cost  more  than  a  gravity 
system;  but  smaller  pipes  can  be  used,  and  this 
may  offset  the  cost  of  pump  and  controls.  Be- 
cause radiators  can  be  placed  lower  than  the  boiler 
and  pipes  need  not  slope,  the  forced-circulation 
system  can  be  used  in  houses  without  basements. 
Provision  must  be  made  for  drainage  of  low  places 
in  the  system. 

With  heating  coils  installed  in  the  boiler  or  in 
a  water  heater  connected  to  the  boiler,  year-round 
domestic  hot  water  is  available.  Although  almost 
any  heating  system  can  be  used  to  heat  domestic 
water  during  the  heating  season,  forced  hot-water 
or  steam  heat  is  the  most  satisfactory  for  year- 
round  hookups.  If  you  want  to  use  your  heating 
plant  to  heat  domestic  water,  consult  your  heating 
engineer  about  the  best  arrangement. 

A  forced-water  circulatory  system  is  versatile 
because  one  boiler  may  supply  hot  water  for  sev- 
eral circulation  systems  controlled  independently 
and  sometimes  at  rather  remote  locations. 

Steam-Heating  Systems 

Steam-heating  systems,  used  less  often  than 
other  heating  systems  in  farmhouses,  can  also  be 
one-pipe  or  two-pipe  systems.  The  one-pipe  steam 
system  is  about  as  economical  to  install  as  is  the 
one-pipe  hot-water  system.  Because  steam  is 
either  flowing  or  not  flowing,  it  responds  less  to 
changes  in  heat  demands.  At  the  return  end  of 
each  radiator  or  other  heating  unit  is  an  automatic 
steam  trap  to  keep  live  steam  in  the  radiators  and 
to  allow  the  water  from  condensation  to  drip 
back  into  the  return  pipes.  The  thermostatic  type 
of  steam  trap  is  recommended  for  house-heating 
systems. 

The  two-pipe  steam  system  usually  costs  more 
to  install  than  does  the  one-pipe  system.  In  the 
steam  system,  the  heating  plant  must  be  below  the 
lowest  radiator  unless  a  pump  is  used  to  return  to 
the  boiler  the  water  condensed  from  the  steam. 

Installing  any  of  these  systems  requires  special- 
ized experience  with  the  particular  type  of  heating. 


Radiant-Panel  Heating  Systems 

Another  method  of  heating  with  forced  hot 
water,  steam,  or  electricity  is  radiant-panel  heat- 
ing. It  has  the  advantage  of  making  a  room  com- 
fortable without  raising  air  temperature  as  high 
as  is  necessary  with  other  heating  systems.  The 
room  temperatui'es  are  more  uniform,  and  no  valu- 
able room  space  is  taken  up  by  radiators. 

In  radiant-panel  heating,  the  floors,  walls,  or 
ceilings  are  kept  hot  enough  to  act  as  radiators. 
Wall-panel  heating  should  be  approached  with 
caution  because  of  the  clanger  of  puncture  from 
nails  when  hanging  pictures  or  other  objects. 
Electric-panel  heating  for  walls  is  not  recom- 
mended for  this  reason. 

Usually,  80°  to  85°  F.  is  considered  the  desira- 
ble temperature  for  bare-floor  panels.  Near  walls 
it  may  be  allowed  to  reach  90°.  If  rugs  are  used, 
the  temperature  may  be  higher.  Corridor  or  hall- 
way floors  may  be  heated  to  95°.  Ceiling  tem- 
peratures are  governed  by  ceiling  heights.  The 
temperature  of  an  8-foot  ceiling  should  not  be 
much  above  100°.  Panel  heating  in  poorly  in- 
sulated ceilings  is  not  considered  practical  unless 
you  want  heat  in  the  space  above  the  ceiling.  Ex- 
terior wall  panels  require  extra  insulation  behind 
them  to  prevent  heat  loss  to  the  outside. 

When  panels  are  heated  with  hot  water,  the  sur- 
face directly  over  the  pipes  will  be  warmer  than 
the  surface  midway  between  them.  Pipes  should 
be  spaced  to  avoid  temperatures  more  than  8°  to 
10°  F.  above  or  below  the  average.  Radiant-panel 
heating  systems  should  be  designed  by  experienced 
heating  engineers. 

For  further  discussion,  see  section  on  electricity, 
pages  17  and  18. 

The  four  fuels  in  common  use  for  home  heating 
are  wood,  coal,  oil,  and  gas.  Coke  and  dried  peat 
are  used  in  some  parts  of  the  country.  Electric- 
ity, though  not  a  fuel,  is  heating  many  homes. 
Modern  heating  equipment  is  relatively  efficient 
when  used  with  the  fuel  for  which  it  is  designed ; 
but,  even  with  modern  equipment,  some  fuels  cost 
more  than  others  to  do  the  same  job. 
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Comparing  Fuel  Costs 

The  therms  of  heat  per  dollar  should  nol  he  the 
sole  consideration  in  selecting  the  heating  fuel. 
Installation  cost  and  the  efficiency  with  which  each 
unit  converts  fuel  into  useful  heal  should  also  he 
considered.  To  compare  costs  for  various  fuels. 
efficiency  of  combustion  and  heat  value  of  the  fuel 
must  l»e  known.  However,  for  estimates,  the  data 
in  figure  17  can  he  used.  Here  the  efficiency  of 
electricity,  gas.  oil,  and  coal  is  taken  as  100,  80,  65, 
and  55  percent,  respectively.  The  heat  values  arc 
taken  as  3,4  L3  B.t.u.  per  kilowatt-hour  of  electric- 
ity: 1,000  B.t.u.  per  cubic  foot  of  natural  gas; 
535  B.t.u.  per  cubic  foot  of  manufactured  gas; 
Ul.iino  B.t.u.  per  gallon  of  oil;  and  13,000  B.t.u. 
per  pound  of  coal.     A  therm  is  100,000  B.t.u. 

Example:  Suppose  electricity  costs  $0.01  per 
kilowatt-hour:  gas,  $0.14  per  therm:  oil,  $0.14  per 
gallon:  and  coal,  sin-  per  ton.  Referring  to  the 
bar  graph,  the  following  purchases  of  therms  of 
heal  for  each  $1  spent  for  fuel  may  he  estimated 
as: 


Heat 
(therms) 


Electricity   3.5 

Gas 5.7 


Oil  . 
Coal 


Hint 
i  therms  < 

.  6.6 
_  8.9 


THERMS  OF  USABLE  HEAT  FOR  $1 

0  4  8  12  16 


ELECTRIC 
GAS* 

Therm    bos.s 
Manufactured 


|@    Vi<    per   kw-hr 


OIL 


COAL 


40<   per  1.000  cu    It 


80<   per  1.000  cu.  Ir 


10<  per  gal 


$12    per    ton 


*  A    GAUON   OF  1PG  IS   ABOUT   I    1HIKM 


Figure  17. — Therms    of    usable    heat    purchased    for    $1 


Wood 

Wood  is  available  on  the  farm  or  is  close  at 
hand  in  many  sections  of  the  country.  Ir 
bulky  and  requires  more  labor  and  sometimes 
more  storage  space  than  do  other  fuels;  but  wood 
fires  are  easy  to  start,  burn  with  little  smoke,  and 
leave  little  ash. 

Most  well-seasoned  hardwoods  have  about  half 
as  much  heat  value  per  pound  as  does  good  coal. 
A  cord  of  hickory,  oak.  beech,  sugar  maple,  or 
rock  elm  weighs  about  2  tons  and  will  have  about 
the  same  heat  value  as  1  ton  (2,000  pounds)  of 
good  coal.  Cord-wood  length-,  are  4  feet,  and  a 
cord  is  usually  measured  in  ricks  4  by  4  by  8  feet. 

Coal 

Two  kinds  of  coal,  anthracite  (hard  coal)  and 
bituminous  (soft  coal),  are  used  as  fuels  for  heat- 
ing homes.  Most  anthracite  comes  from  a  rela- 
tively small  region  in  eastern  Pennsylvania,  and 
shipping  costs  limit  the  area  in  which  it  is  used. 
Bituminous  coal  is  found  in  widely  scattered  areas 
across  most  of  the  country.  Both  anthracite  and 
bituminous  coal  vary  in  volume  for  a  given 
weight.  Forty  cubic  feet  per  ton  is  ample  storage 
space  for  any  coal. 

Anthracite  burns  with  a  clean,  smokeless,  and 
sootless  flame.  It  is  available  in  a  wide  variety 
of  sizes.  Egg,  the  largest,  is  about  3  inches  in 
diameter  and  must  pass  over  a  screen  with  2%6- 
inch  mesh  and  through  a  screen  with  31 4-inch 
mesh.  Next  in  size  are  stove,  nut  (or  chestnut), 
pea,  and  buckwheat.  Rice  (or  No.  2  buckwheat), 
the  smallest,  is  about  '  |  inch  in  diameter  and 
must  pass  over  a  screen  with  3lt)-inch  mesh  and 
through  a  screen  with  %6-inch  mesh.  Bitumi- 
nous coal  sizes  are  not  standardized  nationally. 
The  term  "slack"  also  has  variations  in  meaning 
but  in  general  refers  to  powdered  or  very  fine  coal. 

There  is  little  difference  in  the  heat  value  of  the 
different  sizes  of  coal,  but  certain  sizes  are  better 
suited  for  burning  in  tire  pots  o(  given  si/e<  and 
depths  (table  1 ). 

Coarse  fuel  is  hard  to  keep  burning  in  small 
tire  pots,  hut  this  difficulty  is  somewhat  otfsot  by 
pooi-  drafts  in  larger  pots.  In  general,  the  depth 
of  fuel  regulates  the  flow  of  air  through  the  fuel 
bed. 
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Finely  broken  coal  must  be  used  in  shallow  fuel 
beds;  but,  by  using  a  fan  to  furnish  additional 
draft,  small-sized  coal  can  be  burned  in  deep  fire 
pots.  Sometimes  the  air  is  blown  into  the  ashpit 
or  base  and  up  through  the  grate.  Use  only 
enough  air  to  make  the  fire  burn  well. 

Table  1. — Recommended  sizes  of  anthracite  for 
different  fire-pot  dimensions 


Coal  size 

Fire  pot 

Diameter 

Depth i 

Egg 

Stove 

Inches 
24 

18  to  23 

Inches 
16  or  more 
12  to  16 

Nut 

Pea 

Buckwheat 

Less  than  16 

(2) 
Any 

Less  than  12 

(2) 
Shallow  3 

Rice. 

(4) 

(4) 

1  Fire-pot  depth  is  the  depth  from  bottom  of  fire  door  to 
top  of  grate. 

2  Not  recommended  for  domestic  heating.     Pea  anthra- 
cite can  be  used  in  a  kitchen  range. 

3  Buckwheat  coal  requires  a  tall  chimney,  50  or  more  feet, 
for  natural  draft. 

4  Rice  coal  can  be  used  with  mechanical  stoker. 


Hand-Firing  Coal. — Never  use  kerosene,  gas- 
oline, or  other  volatile  combustibles  to  start  or 
revive   fires. 

During  the  day,  the  fire  is  controlled  by  means 
of  the  draft  and  check  dampers.  Leave  the  fire- 
door  damper  slightly  open  at  all  times.  Bitumi- 
nous or  soft  coal  is  usually  used  for  hand  firing. 

Stoker-Firing  Coal. — Both  anthracite  and  bitu- 
minous coal  can  be  fired  mechanically,  using  elec- 
trically operated  and  controlled  equipment. 
Follow  instructions  given  by  manufacturers  with 
their  equipment.  Most  stokers  now  on  the  market 
use  screw  feeds.  Air  for  burning  is  forced  by  a 
fan  through  openings  (tuyeres)  in  the  retort. 
The  coal  must  be  of  relatively  fine  size.  With 
anthracite,  which  does  not  clinker,  the  ashes  are 
pushed  out  over  the  rim  of  the  retort.  They  fall 
into  the  ashpit  or  are  collected  in  cans. 

There  are  two  kinds  of  stokers  for  bituminous 
coal.  In  the  hopper- feed  stoker  (fig.  18),  the 
ashes  are  fused  into  clinkers  by  the  hot  fire.  The 
clinkers,  which  should  be  fairly  large  before  they 
are  removed,  must  be  broken  from  the  fuel  bed 
with  a  poker  and  removed  through  the  fire  door 


FURNACE  OR  BOILER 
TUYERE. 


MOTOR 
FAN 


FIRE  OR  INSPECTION  DOOR 


TRANSMISSION 

Figure  18. — Hopper-feed,  clinkering-type,  bituminous-coal  stoker. 
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or  inspection  door  with  tongs.  The  hopper  can  be 
closed  tightly  to  prevent  smoke  from  creeping 
hack  through  the  stoker  and  escaping  into  the 
house  during  mild  weather  when  coal  is  being 
fired  slowly. 

The  bin-feed  stoker  (fig.  19)  has  a  revolving 
grate  and  a  revolving  ash  table  with  a  fixed 
sera pei-.  The  fine  ash  is  not  fused  into  clinkers 
but  passes  through  holes  in  the  grate  and  is 
scraped  off  the  revolving  ash  table  into  a  screw 
conveyor  that  takes  it  to  a  tightly  covered,  remov- 
able ash  can.  The  bin- feed  stoker,  of  course,  saves 
the  labor  of  shoveling  coal  into  a  hopper. 

Stokers  may  be  installed  at  the  front,  side,  or 
rear  of  the  furnace  or  boiler.  Leave  space  for 
servicing  the  stoker  and  for  cleaning  the  furnace. 
Considerable  fly  ash  (fine  powdery  ash)  collects 
on  horizontal  surfaces,  and  furnaces  and  boilers 
with  horizontal  heating  surfaces  require  frequent 
cleaning. 

Oil 

Oil  as  a  fuel  for  heating  is  popular.  It  re- 
quires little  space  for  storing  and  no  handling, 
and  it  leaves  no  ash. 


ASH  SHUT-OFF  VALVE  HANDLE 


ASH  CONTAINER 
COVER 


Three  grades  of  fuel  oil  are  used  for  home  heat- 
ing.  No.  1  i-  the  lightesl  and  is  slightly  more  ex- 
pensive than  the  others.  NTos.  2  and  3  are  the  -;tme 
price  and  often  can  be  used  interchangeably. 
The  nameplate  or  guidebook  that  comes  with  the 
oil  burner  tells  ulnit  grade  oil  should  be  used.  In 
general,  No.  1  oil  is  used  in  pot -type  burners, 
whereas  Xos.  2  and  3  are  used  in  both  gun-  and 
rotary-type  burners. 

To  obtain  best  results,  the  burner  must  be  serv- 
iced by  someone  who  has  the  proper  instruments 
for  testing  flue  gases  and  who  knows  how  to  make 
the  necessary  adjustments. 

Oil  burners  are  of  two  kinds:  Vaporizing  and 
atomizing.  Vaporizing  burners  premix  the  air 
and  oil  vapor.  The  pot-type  burner  (fig.  20)  is 
vaporizing  and  consists  of  a  pot  containing  a  pool 
of  oil.  An  automatic  valve  regulates  the  amount 
of  oil  in  the  pot.  Heat  from  the  flame  vaporizes 
the  oil.  Air  enters  just  above  the  pool  of  oil  ei- 
ther by  natural  draft  or  by  means  of  a  small  fan. 
Both  fuel  and  air  must  be  carefully  adjusted  for 
a  clean,  sootless  flame.  A  pilot  flame  ignites  the 
oil  pot  when  heat  is  required.  There  are  few 
moving  parts,  and  operation  is  quiet.     Some  pot- 


FURNACEOR  BOILER 
'ASH  SCRAPER 
'COVER  FOR  FAN,  MOTOR,  AND  TRANSMISSION 


Figure  19.— Bin-fwd.  ash-removing,  bituminous-coal  stoker. 
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type  burners  can  be  operated  without  electric 
power. 

Atomizing  burners  are  of  two  general  types : 
Gun  (or  pressure)  and  rotary.  The  gun-type 
burner  (fig.  21)  has  a  pump  that  forces  the  oil 
through  a  special  atomizing  nozzle.  A  fan  blows 
air  into  the  oil  fog;  and  an  electric  spark  ignites 
the  mixture,  which  burns  in  a  refractory-lined 
fire  pot. 

The  rotary  oil  burner  for  house  heating  (fig. 
22)  consists  of  a  vertical  motor  with  a  hollow 
shaft.  The  upper  end  of  the  shaft  carries  a  fan 
and  a  set  of  tubes  bent  at  right  angles  to  the  motor 
shaft,  Centrifugal  action  lifts  the  fuel  and 
throws  it  against  a  circle  of  metal  vanes.  There 
is  a  refractory  hearth  between  the  motor  and  the 
flame.  This  type  of  burner  is  set  inside  the  com- 
bustion chamber  and  is  less  accessible  for  servic- 
ing, but  it  occupies  less  floor  space  than  does  the 
gun-type  burner.  The  fuel  mixture  is  ignited  by 
an  electric  spark. 

Gas 

Gas  is  used  in  many  urban  homes  and  in  some 
rural  areas.  It  is  supplied  at  low  pressure  to  a 
burner  head  (fig.  23),  where  it  is  mixed  with  the 
right  amount  of  air  for  combustion.    A  draft  hood 


is  placed  in  the  vent  pipe  to  reduce  excess  draft 
and  to  prevent  gusts  of  air  from  coming  down  the 
chimney  and  putting  out  the  flame. 

The  room  thermostat  controls  the  gas  valve.  A 
pilot  is  lighted  at  the  beginning  of  the  heating 
season  and  burns  until  shut  off  when  heat  is  no 
longer  required.  The  pilot  light  should  be 
equipped  with  a  safety  thermostat  to  keep  the  gas 
valve  from  opening  if  the  pilot  light  goes  out. 
No  gas  can  then  escape  into  the  room.  Be  sure 
the  pilot  lights  of  all  automatic  gas-burning  ap- 
pliances are  equipped  with  this  safety  device. 

Three  kinds  of  gas — natural,  manufactured,  and 
bottled — are  used.  Bottled  gas  (butane,  propane, 
or  a  combination)  is  sometimes  called  LPG  (lique- 
fied petroleum  gas).  Different  gases  have  differ- 
ent heat  values  when  burned.  A  burner  adjusted 
for  one  gas  must  be  readjusted  when  used  with 
another  gas.  Natural  gas  contains  around  1,100 
B.t.u.  per  cubic  foot,  manufactured  gas  around 
600,  and  bottled  gas  around  3,000. 

Conversion  gas  burners  may  be  used  in  boilers 
and  furnaces  designed  for  coal  if  they  have  ade- 
quate heating  surfaces.  Furnaces  must  be  prop- 
erly gastight.  Conversion  burners,  as  well  as  all 
other  gas  burners,  should  be  installed  by  compe- 
tent, experienced  heating  contractors  who  follow 
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Figure  20. — Pot-type  oil  burner. 


Figure  21. — Gun-type  oil  burner. 
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closely  the  manufacturer's  instructions.  Gas- 
burning  equipment  should  bear  the  seal  of  ap- 
proval of  the  American   Gas  Association. 

Vent  gas-burning  equipmenl  to  tlie  outdoors. 
Keep  chimneys  and  smoke  pipes  free  from  leaks. 
Connect  all  electrical  controls  for  gas-burning 
equipment  on  a  separate  switch  so  that  the  circuit 
can  be  broken  in  case  of  trouble.  Have  gas-burn- 
ing equipmenl  cleaned,  inspected,  and  correctly 
adjusted  each  year. 

Bottled  gas  is  heavier  than  air.  if  gas  leaks 
into  the  basement,  there  is  danger  of  an  explosion. 
When  bottled  gas  is  used,  make  sure  that  the 
safety  control  valve  is  so  placed  that  it  shuts  off 
the  gas  to  the  pilot  as  well  as  to  the  burner  when 
the  pilot  goes  out. 

Electricity 

House  heating  by  electricity  has  increased  rap- 
idly in  recent  years.  It  offers  convenience,  clean- 
liness, even  heat,  safety,  low  maintenance  cost, 
freedom  from  odors  and  fumes,  space  saving,  and 
individual  room-temperature  control  for  more 
comfortable  living. 

Many  types  and  designs  of  electric  house-heat- 
ing equipment  are  available.  Some  are:  (1) 
Baseboard  heater;    (2)   ceiling  unit;   (3)  central 
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furnace;  (4)  floor  furna  heat  pump; 

(6)  wall  unit.  All  but  the  heat  pump  are  of  the 
resistance  type.  Heat  pump-  are  usually  supple- 
mented with  resistance  heaters. 

Electric  baseboard  heater-  are  •  gned  for  in- 
stalling along  the  outside  wall  of  each  room  at  the 
location  ordinarily  occupied  by  the  baseboard. 
Various  types  of  heating  element-  are  empl 
and  provisions  are  made  for  wiring  and  connecting 
two  or  more  panels  a-  required.  The  outside 
housing  may  be  similar  in  appearance  to  that  in 
figure   15. 

Ceiling  heat  i-  provided  with  electric  ueating 
cable  laid  back  and  forth  on  the  ceiling  surface 
i  fig.  l'I  i  and  covered  with  plaster  ora  second  layer 
of  gypsum  board.  A  baseboard  heater  is  often 
used  under  a  large  picture  window  in  conjunction 
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Figure  22. — Rotary  oil  burner. 


Ku.vi;r  -.i. — Gas  burner. 
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with  ceiling  heat.  Other  types  of  ceiling  heaters 
include  radiant,  reflector,  and  forced  air. 

Central-heating  and  heat-pump  systems  have 
air  duct  distribution  systems  similar  to  those  dis- 
cussed for  forced  warm- air  heating. 

The  electric  floor  furnace  heats  by  convection 
from  resistance-heating  elements.  It  is  usually 
installed  in  hard-to-heat  places. 

The  heat  pump  provides  heat  for  winter  warm- 
ing and  refrigeration  for  summer  cooling.  It 
may  be  compared  with  a  household  refrigerator, 
which  removes  the  heat  from  its  interior  and  dis- 
sipates it  in  the  kitchen.  Similarly,  the  heat  pump 
removes  the  heat  from  a  room  and  dissipates  it 
outside.  On  a  cold  clay,  the  operation  is  reversed. 
The  same  equipment  will  then  remove  the  heat 
from  the  outdoor  air  and  bring  it  indoors.  A  duct 
system  is  needed  if  a  whole  house  is  to  be  heated  or 
cooled.  The  heat  pump  uses  less  electricity  than 
does  the  resistance-type  heater  to  furnish  the  same 
amount  of  heat. 

Wall  units  (fig.  25),  either  radiant  or  convec- 
tion, or  both,  are  designed  for  recessed  or  surface 
wall  mounting.  They  come  equipped  with  various 
types  of  resistance  heating  elements.  The  warm 
air  may  be  circulated  either  by  gravity  or  by  an 
electric  fan. 

Each  room  heated  by  the  equipment  just  de- 
scribed usually  has  its  own  thermostat  and  can  be 
held   at  any   desired  temperature.     Thermostats 


should  be  designed  for  long  life  and  should  be  sen- 
sitive to  changes  in  temperature  of  zt1^0  F. 

Therms  of  heat  from  electrical  power  cost  more 
than  does  an  equal  quantity  of  heat  from  com- 
bustible fuels  in  all  areas  except  those  with  very 
low  power  costs,  such  as  the  Tennessee  Valley 
area.  To  have  electricity  compare  favorably  with 
flame  fuels,  electrically  heated  homes  should  be 
well  insulated  and  weather-stripped;  they  should 
be  provided  with  double  or  triple  glazing;  and 
they  should  be  vapor  sealed.  The  required  insu- 
lation, vapor  barrier,  and  clraftproofing  can  be 
provided  easily  in  a  new  house  but  may  be  imprac- 
tical to  add  to  an  old  house. 

The  size  of  the  heating  equipment  installed 
should  not  exceed  the  calculated  heat  losses. 
Large  equipment  costs  more  and  requires  heavier 
wiring  than  does  small  equipment.1 


1  For  a  more  complete  description  of  heating  with  elec- 
tricity, see  REA  Bulletin  142-1,  "Electric  House  Heating," 
revised  September  1960  (for  sale  for  20  cents  by  the 
Superintendent  of  Documents,  U.S.  Government  Printing 
Office.  Washington  25,  D.C.). 


Figure  24. — Resistance  cable  for  ceiling  heat. 


Figure  25. — Recessed  wall  heater. 
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Each  type  of  heating  plant  requires  special  fea- 
tures in  its  control  system,  but  even  simple  systems 
should  include  high-limil  controls  to  prevent 
overheating. 

The  high-limit  control,  which  is  usually  a  fur- 
nace or  boiler  thermostat,  shut-  down  the  fire  he- 
fore  the  furnace  or  hoiler  becomes  dangerously  or 
wastefully  hot.  If  steam  is  used,  the  limit  con- 
trols respond  to  pressure  in  the  hoiler;  other  limit 
controls  respond  to  temperature.  Limit  controls 
are  usually  recommended  by  the  equipment  manu- 
facturer. 

Ordinarily,  high-limit  controls  are  set  just  high 
enough  to  insure  heating  without  overshooting  the 
desired  temperature.  In  a  forced  warm-air  or 
forced  hot -water  system,  the  high-limit  controls 
are  usually  set  to  start  the  fan  or  pump  circulating 
when  the  furnace  or  hoiler  warms  up  and  to  stop 
it  when  the  heating  plant  cools  down.  The  hi<_di- 
limit  controls  can  he  adjusted  to  suit  weather 
conditions. 

Room  thermostats  control  the  circulating  fans 
or  pumps  on  forced  systems  and  are  sometimes 
equipped  with  timing  devices  to  change  automati- 
cally the  temperatures  demanded  at  night  ami  in 
the  morning.  The  temperature  of  each  setting 
and  the  times  of  making  the  changes  are  adjustable. 

Other  controls  insure  that  all  operations  take 
place  in  the  right  order.  The  electric  current 
needed  to  operate  such  devices  as  stokers,  oil  burn- 
ers, and  circulator  pumps  is  often  too  heavy  for 
simple  thermostats:  and  relays  are  added.  The 
relay  is  a  magnetic  switch  that  operates  on  a  small 
current  and  has  contacts  heavy  enough  to  handle 
the  current  for  the  oil-burner  motor  and  the  igni- 
tion transformer. 

Because  the  thermostat  is  responsible  for  con- 
trolling tlie  house  temperature,  it  must  be  in  the 
right  place — which  is  usually  on  an  inside  wall. 
Do  not  put  it  near  a  door  to  the  outside:  at  the 
foot  of  an  open  stairway  :  or  above  a  heat  register, 
television,  or  lamp.  Check  it  with  a  <ro<»d  ther- 
mometer for  accuracy. 

Hand-Fired  Coal-Burner  Controls 

In  any  gravity  system  with  a  hand  tired  furnace 
or  hoiler,  the  controls  have  only  to  open  and  close 


the  draft  and  to  check  dampers.  If  the  damper 
motor  is  t  he  type  that  requires  elect  ricity  to  oper- 
ate in  each  direction.  ;!  double-throw  thermostat 
is  used.  Some  damper  motors  operate  in  one 
direction  by  electricity  and  in  another  direction  by 
springs.  Single-throw  thermostats  are  u-ed  with 
these  motors. 

Hamper  motors  may  have  two  crank  arms  so  ar- 
ranged that,  when  one  pulls  its  chain  to  open  the 
draft  damper,  the  other  -lacks  off  its  chain  to  let 
the  check  damper  close.  When  the  temperature 
is  high  enou<rh.  the  thermostat  swings  to  the  op- 
posite contact  point  and  allows  electric  current  to 
flow  through  the  damper  motor,  driving  it  in  the 
opposite  direction  to  close  the  draft  damper  and 
open  the  check  damper.  A  simple  control  system 
for  a  hand-fired  furnace  with  a  gravity  warm-air 
heating  system  is  shown  in  figure  2f>.  A  furnace 
thermostat  on  the  bonnet  acts  as  high-limit  control 
if  the  room  thermostat  continues  to  demand  heat 
when  the  furnace  is  dangerously  hot. 

Oil-Burner  Controls 

The  oil-burner  controls  allow  electricity  to 
through  the  motor  and  ignition  transformer  and 
shut  them  off  in  the  right  order.  They  also  stop 
the  motor  if  the  oil  does  not  ignite  or  if  the  flame 
goes  out.  This  is  done  by  means  of  a  stack  ther- 
mostat built  into  the  relay.  The  whole  assembly 
can  l>e  mounted  on  the  smoke  pipe  near  the  fur- 
nace or  boiler,  or  the  relay  can  be  mounted  on  a 
wall. 

Without  the  protection  of  the  stack  thermostat, 
a  gun-  or  rotary-type  burner  could  flood  the  base- 
ment with  oil  if  it  failed  to  ignite.  With  such 
protection,  the  relay  allows  the  motor  to  run  only 
a  short  time  if  the  oil  fails  to  ignite:  then  it  0] 
the  motor  circuit  and  keep-  it  open  until  it  is  reset 
by  hand.  If  your  burner  will  not  operate  until 
resel  by  hand,  push  the  reset  button  one  time.  If 
the  burner  still  does  not  goon,  have  the  serviceman 
investigate.  Satisfactory  controls  for  an  oil 
burner  \\  ith  a  gravity  hot-water  system  are  shown 
in  figure  27.  A  boiler  thermostat  acts  as  high- 
limit  control  if  the  water  in  the  boiler  gets  too  hot. 
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Figure  26.— Controls  for  hand-fired  coal  burner  shown  with  gravity  warm-air  system. 
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Figure  27.— Controls  for  atomizing  oil  burner  shown  with  gravity  hot-water  system. 
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Stoker-Fired  Coal-Burner  Controls 


Heating-System  Controls 


The  control  system  for  a  coal  stoker  is  much 
like  thai  for  an  oil  burner,  bul  an  automatic  timer 
is  usually  added  to  operate  the  stoker  for  a  few 
minutes  every  hour  or  half  hour  to  keep  the  lire 
alive.  The  timer  is  often  built  into  the  stoker 
relay. 

The  stack  thermostat  is  not  always  used,  hut 
in  communities  where  electric  power  failures  may 
be  long  enough  to  let  the  fire  go  out,  a  stack  ther- 
mostat or  other  control  device  is  needed  to  keep  the 
stoker  from  filling  the  cold  fire  pot  with  coal  when 
the  electricity  comes  on  again.  Sometimes  a  light- 
sensitive  electronic  device  such  as  an  electric  eye  is 
used.  In  the  stoker-control  setup  for  a  forced 
warm-air  system  (fig.  28),  a  furnace  thermostat 
acts  as  high-limit  and  fan  control. 

Gas-Burner  Controls 

Controls  for  the  gas  burner  are  so  much  a  part 
of  the  burner  itself  that  they  have  been  described 
and  illustrated  in  the  section  on  gas.  pages  16 
and  17. 


There  are  many  way-  of  controlling  warm-air, 
hot-water,  or  si cam-heat  distribution  systems  be- 
sides those  suggested  in  figures  26  to  29.  If  the 
furnace  or  boiler  heat-  domestic  water,  more  con- 
trols are  needed.  Controls  for  a  stoker-fired  boiler 
for  forced  hot-water  heat  and  for  year-round  do- 
mestic hot  water  are  shown  in  figure  £ 

If  water  is  heated  for  domestic  purposes,  the 
boiler  must  stay  hot.  In  the  installation  shown  in 
figure  29,  the  control  system  musl  operate  both  the 
burner  and  the  circulator  when  the  room  thermo- 
stat calls  for  heat :  bul  it  musl  operate  the  burner 
alone  when  only  the  boiler  thermostat  demand- 
heat.  Because  the  stoker  relay  cannot  at  one  time 
operate  the  burner  alone  and  at  another  time  op- 
erate both  the  burner  and  the  circulator,  an  addi- 
tional relay  is  needed.  Boiler  thermostat  "A" 
maintains  the  boiler  temperature,  and  boiler 
thermostat  "B"  acts  as  a  high-limit  control.  If 
the  boiler  temperature  gets  too  low  to  heat  domes- 
tic water,  thermostat  "A"  stalls  the  burner  in- 
dependently of  the  room  thermostat.  If  the  boiler 
gets  too  hot  during  any  operation,  thermostat  "B" 
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(High-Limit  and 
Fan  Control) 


STOKER  RELAY.TIMER 
AND  TRANSFORMER 

'FAN  MOTOR 
Figure  28. — Controls  for  stoker-fired  coal  burner  shown  with  forced  warui-air  system. 
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stops  the  burner.  If  for  any  reason  the  boiler 
reaches  a  still  higher  temperature,  thermostat  "B" 
starts  the  circulator  to  cany  away  the  excess  heat 
even  if  the  house  is  already  warm.  This  system 
of  control  is  sometime  called  a  summer-winter 
hookup. 

In  some  new  installations  of  forced  hot-water 
systems,  especially  with  domestic-water  hookups, 
a  mixing  valve  is  used.  The  water  temperature 
of  the  boiler  is  maintained  at  some  high,  fixed 
value,  such  as  200°  F.  Only  a  portion  of  this 
high-temperature  water  is  circulated  through  the 
heating  system.  Some  of  the  water  flowing 
through  the  radiators  bypasses  the  boiler.  The 
amount  of  hot  water  admitted  is  controlled  by  a 
differential  thermostat  operating  on  the  difference 


between  outdoor  and  indoor  temperatures.  This 
installation  is  more  expensive  than  the  kind  pre- 
viously described,  but  it  responds  almost  im- 
mediately to  demands;  and,  while  it  cannot 
anticipate  temperature  changes,  it  is  in  a  measure 
regulated  by  outside  temperatures,  which  change 
earlier  than  do  those  indoors. 

The  flow  of  hot  water  to  each  part  of  a  building 
can  be  separately  controlled.  This  zoning — main- 
taining rooms  or  parts  of  the  building  at  different 
desired  temperatures— can  be  used  to  maintain 
sleeping  quarters  at  a  lower  temperature  than  liv- 
ing quarters.  Electric  heating  is  also  well 
adapted  to  zoning. 

Fuel  savings  help  to  offset  The  initial  cost  of  the 
more  elaborate  control  systems. 
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Figure  29. — Controls  for  forced  hot-water  system  with  year-round  domestic  hot-water  hookup,  shown  with  stoker-fired 

coal  burner. 
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Cfacfo  fen  Safety  &**d  S^feetwcy 

1.  Installation: 

□  Heating  plant  of  correct  size. 

□  Heating  plant  on  solid,  level,  fireproof  foundation. 
Q  Electric  heating  equipment  grounded. 

□  Heating  plant  safe  distance  from  wall. 

□  All  clearances  agreed  to  by  fire-insurance  company. 

]  Floor  under  stove,  circulator,  or  space  heater  protected  by  pad  of  sheet  metal 
and  asbestos. 

□  Smoke  pipes  direct  from  heating  plant  to  chimney. 
Q  Smoke  pipes  rigidly  supported. 

□  Ventilated  sleeve  around  smoke  pipe  where  it  passes  through  walls  and  ceilings. 

2.  Maintenance: 

Q  Smoke  pipe  and  chimney  clean  and  free  from  leaks. 
|~1  Fuel  tanks  and  fuel  lines  free  from  leaks. 

3.  Yearly  inspection: 

]  Furnace  or  boiler  cleaned  and  repaired  before  heating  season  starts. 

□  Coal  stoker,  oil  burner,  or  gas  burner  checked  and  adjusted  before  heating  season 

starts. 

4.  Safety  precautions: 

□  Space  around  heating  plant  kept  free  from  trash. 
Q  No  clothes  dried  near  heating  equipment. 

I    |  Ashes  collected  in  metal  containers. 

□  Fireplace  screens  used  regularly. 

5.  Economy  recommendations: 

□  House  kept  at  lowest  temperature  good  health  and  comfort  permit, 

□  Fireplace  damper  closed  when  fireplace  not  in  use. 

□  House  insulated  and  equipped  with  storm  doors  and  windows. 

□  No  leaks  in  hot- water  faucets. 

Q  Boiler  and  hot-water  tank  insulated. 
|  Unused  rooms  closed  off. 
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